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Experimental 

Crystal data 

[CU3(C8H404)2(C8H504)2 
(Ci8HioN4)J 

Mr = 1413.68 
Triclinic, PI 
a = 10.6453 (12) A 
b = 11.6437 (13) A 
c = 12.3213 (14) A 
0- = 103.186 (1)° 



Data collection 

Bruker APEX area-detector 
diffractometer 

Absorption correction: multi-scan 
(SADABS; Sheldrick, 1996) 
r„i„ = 0.675, r„„^ = 0.747 

Refinement 

R[F^ > 2a(F^)] = 0.035 

wR{F^) = 0.099 

5 = 1.05 

5099 reflections 



P = 93.712 (2)° 

Y = 95.460 (2)° 

V = 1474.3 (3) A^ 
Z= 1 

Mo Ka radiation 
fi = 1.16 mm^' 
T = 293 K 

0.37 X 0.33 X 0.27 mm 



7377 measured reflections 
5099 independent reflections 
4179 reflections with / > 2o-(/) 
R,„, = 0.018 



430 parameters 

H-atom parameters constrained 
Ap„„ = 0.32 e A"' 



-0.31 e A" 



In the title compound, [Cu3(QH4O4)2(C8H5O4)2(Ci8Hi0- 
N4)2]„, one Cu" atom, located on an inversion center, is 
hexacoordinated and shows a distorted octahedral coordina- 
tion geometry, while the other Cu" atom is pentacoordinated 
and exhibits a distorted square -pyramidal geometry. The Cu" 
atoms are bridged by isophthalate and 3-carboxybenzoate 
ligands, forming a chain structure along the b axis. Further- 
more, the chains are linked by O— H- ■ O hydrogen bonds, 
forming a layer parallel to the ab plane. 

Related literature 

For related structures, see: Han & Ma (2006); He & Han 
(2006); Han et al. (2009). 




Table 1 

Hydrogen-bond geometry (A, °). 



D-U-A 


D-H 


H-A 


D-A 


D-U-A 


07-H7B- ■ 04' 


0.82 


1.74 


2.545 (3) 


165 


Symmetry code: (i) - 


-X — 1. — y. — z - 


hi. 







Data collection: SMART (Bruker, 2001); cell refinement: SAINT 
(Bruker, 2001); data reduction: SAINT: program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL (Sheldrick, 2008); software used to prepare material for 
publication: SHELXTL. 

The authors thank the Program of the Foundation of 
Liaoning Province (L2010148) for support. 



Supplementary data and figures for this paper are available from the 
lUCr electronic archives (Reference: IS2675). 
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Poly[bis(/'2-3-carboxybenzoato)bis(dipyrido[3,2-a;2',3'-c]phenazme)bis(/'3- 
isophthalato)tricopper(II)] 

X.-F. Wang 
Comment 

Recently, several metal-organic complexes containing dipyridophenazine have been reported (Han & Ma, 2006; He & Han, 

2006, Han et ah, 2009). We report here a new one-dimensional copper(ll) coordination polymer constructed by Cu^^ ions, 
dipyridophenazine (dppz) and isophthalic acid (H2ip), (1). 

Complex (I) exhibits a one-dimensional double-chain structure in which the asymmetric unit consists of one and a half 
II 2 

Cu ions, one ip ", one Hip' and one dppz ligand. Atom Cul is located on an inversion center and coordinated by six oxygen 
atoms, forming a slightly distorted octahedral geometry. On the other hand, atom Cu2 is coordinated by three oxygen atoms 

from two ip " ligands and one Hip' ligand and two nitrogen atoms from a chelate dppz ligand to furnish a distorted square 
pyramidal geometry (Fig. 1). The carboxylate oxygen atoms via the ^yn-anti 0,0'-bridges bridge three copper atoms (Cul, 

Cu2 and Cul') to form a trinuclear [Cu3(ip)2(Hip)2(dppz)2] subunit, which are interconnected through the bridging ip^' to 
form an infinite one-dimensional double chain (Fig. 2). These chains are further linked via strong hydrogen bonds between 
Hip' and ip' ligands (Table 1), forming a layer structure. 

Experimental 

A mixture of CUNO3.3H2O (0.5 imnol, 0.121 g), dipyridophenazine (0.5 mmol, 0.141 g), H2ip (0.5 mmol, 0.083 g) and 
water (10 ml) in a 23 ml Teflon reactor was heated at 453 K for six days and then cooled to room temperature at a rate of 5 
K h'^ (yield 42%). Analysis for CesHsgCusNg (found/calc): C 58.18(57.77), H 2.86(2.71), N 5.83%(7.93%). 

Refinement 

The H atoms of the aromatic rings were placed at calculated positions in the riding model approximation (C — H 0.93 A) with 
their temperature factors were set to 1.2 times those of the equivalent isotropic temperature factors of the parent atoms. The 
hydroxy H atom was placed at calculated positions in the riding model approximation (O — H 0.82 A) with their temperature 
factors were set to 1.5 times those of the equivalent isofropic temperature factors of the parent atoms. 

Figures 

Fig. 1. View of the structure of the title compound. Displacement ellipsoids are drawn at the 
30% probability level. H atoms and the lattice water molecule have been omitted for clarity. 
[Symmetry codes: (i) -x, -y + 1, -z + 1; (ii) -x, -y, -z + 1]. 
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Fig. 2. View of the one-dimensional double chain fragment of the title compound. 



Fig. 3. The layer structure. 




Fig. 4. Packing diagram. 



Poly[bis(^l2-3-carboxybenzoato)bis(dipyrido[3,2-a;2',3'- c]phenazine)bis(^l3-isophthalato)tricopper(ll)] 



Crystal data 

[Cu3(C8H404)2(C8H504)2(Ci8HioN4)2] 

M,-= 1413.68 
Triclinic, PI 
Hall symbol: -P 1 
a = 10.6453 (12) A 
6= 11.6437 (13) A 
c= 12.3213 (14) A 
a= 103.186 (1)° 
13 = 93.712(2)° 
y = 95.460 (2)° 
V= U1A3 (3) A^ 



Z= 1 

P(000) = 717 

Dx= 1.592 Mgm"^ 

Mo Ka radiation, X = 0.71073 A 

Cell parameters from 2406 reflections 

6 = 2.4-20.1° 

|i = 1.16 mm ' 

r=293 K 

Block, green 

0.37 X 0.33 X 0.27 mm 



Data collection 



Bruker APEX area-detector 
diffractometer 

Radiation source: fine- focus sealed tube 

graphite 

(p and CO scans 

Absorption correction: multi-scan 
{SADABS; Sheldrick, 1996) 
r,„i„ = 0.675, rn,ax = 0.747 
7377 measured reflections 



5099 independent reflections 

4179 reflections with / > 2o(/) 
i?int = 0.018 

Qmax = 25.0°, Qmin = 1.8° 

h = -9^l2 
/ = -14^14 



Refinement 



Refinement on F 



Least-squares matrix: full 



Primary atom site location: structure-invariant direct 
methods 

Secondary atom site location: difference Fourier map 
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R[F^ > 2a(F^)] = 0.035 
wR(F^) = 0.099 

5=1.05 

5099 reflections 
430 parameters 
0 restraints 



Hydrogen site location: inferred irom neighbouring 

sites 

H-atom parameters constrained 

w = l/[a^(Fo^) + (0.0567P)^ + 0.1669P] 

where P = (Fo^ + 2FcV3 

(A/a)max = 0.001 

Apmax = 0.32eA"3 
Apmin = -0.31 e A"^ 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the fiiU covariance mat- 
rix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and torsion angles; correlations 
between e.s.d's in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of 
cell e.s.d.'s is used for estimating e.s.d's involving l.s. planes. 

Refinement. Refinement against ALL reflections. The weighted /^-factor wR and goodness of fit S are based on , convention- 

2 2 2 

al i?-factors R are based on F, with F set to zero for negative F . The threshold expression of F > a(F ) is used only for calculating R- 

factors(gt) etc. and is not relevant to the choice of reflections for refinement, /^-factors based on F are statistically about twice as large 
as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters 





X 


y 


z 


tl- *lt! 


Cul 


0.0000 


0.5000 


0.5000 


0.02989 (13) 


Cu2 


0.16105(3) 


0.28114 (3) 


0.30705 (3) 


0.03371 (12) 


CI 


0.3566 (3) 


0.4952 (3) 


0.3938 (2) 


0.0432 (7) 


HIA 


0.3151 


0.5119 


0.4588 


0.052* 


C2 


0.4679 (3) 


0.5651 (3) 


0.3878 (3) 


0.0529 (8) 


H2A 


0.4989 


0.6283 


0.4473 


0.063* 


C3 


0.5320 (3) 


0.5404 (3) 


0.2936 (3) 


0.0499 (8) 


H3A 


0.6081 


0.5849 


0.2895 


0.060* 


C4 


0.4814(3) 


0.4478 (2) 


0.2042 (2) 


0.0386 (7) 


C5 


0.5409 (3) 


0.4150(3) 


0.0987 (2) 


0.0416 (7) 


C6 


0.7044 (3) 


0.4393 (3) 


-0.0073 (3) 


0.0559 (9) 


C7 


0.8200 (3) 


0.5009 (4) 


-0.0229 (4) 


0.0724(12) 


H7A 


0.8591 


0.5637 


0.0335 


0.087* 


C8 


0.8743 (4) 


0.4683 (5) 


-0.1208 (4) 


0.0843 (15) 


H8A 


0.9499 


0.5099 


-0.1311 


0.101* 


C9 


0.8181 (5) 


0.3737 (5) 


-0.2055 (4) 


0.0913 (17) 


H9A 


0.8576 


0.3527 


-0.2712 


0.110* 


CIO 


0.7062 (4) 


0.3103 (4) 


-0.1950(3) 


0.0808 (13) 


HlOA 


0.6707 


0.2461 


-0.2518 


0.097* 


Cll 


0.6448 (4) 


0.3455 (4) 


-0.0940 (3) 


0.0617 (10) 


C12 


0.4789 (3) 


0.3224 (3) 


0.0094 (2) 


0.0444 (7) 


C13 


0.3556 (3) 


0.2621 (3) 


0.0214(2) 


0.0417 (7) 


C14 


0.2839 (3) 


0.1781 (3) 


-0.0637 (3) 


0.0550 (9) 


H14A 


0.3126 


0.1582 


-0.1345 


0.066* 
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Atomic displacement parameters (A^) 
Cul 0.0317(3) 0.0222(2) 0.0369(3) -0.00111 (18) 0.01068(19) 0.00878(18) 
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r\,^ ni 

V_-Ui — \J I 




Cul— 01' 


2.690 (2) 


Cu2— 03" 


1.9334 (18) 


Cu2— 01 


1.9417(18) 


Cu2— N2 


2.001 (2) 


Cu2— Nl 


2.013 (2) 


Cu2— 05 


2.2750(19) 


CI— Nl 


1.327 (4) 


CI— C2 


1.389 (4) 


CI— HIA 


0.9300 


C2— C3 


1.372 (4) 


C2— H2A 


0.9300 


C3— C4 


1.392 (4) 


C3— H3A 


0.9300 


C4— C18 


1.388 (4) 


C4— C5 


1.471 (4) 


C5— N3 


1.316(4) 


C5— C12 


1.428 (4) 


C6— N3 


1.356 (4) 


C6— Cll 


1.409 (5) 


C6— C7 


1.412 (5) 


C7— C8 


1.362 (5) 


C7— H7A 


0.9300 


C8— C9 


1.390 (7) 


C8— H8A 


0.9300 


C9— CIO 


1.370 (6) 


C9— H9A 


0.9300 


CIO— Cll 


1.437 (4) 


CIO— HlOA 


0.9300 


Cll— N4 


1.354 (5) 
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C12— C13 


1.461 (4) 


C13— C14 


1.388 (4) 


C13— C17 


1.396(4) 


C14— C15 


1.367 (4) 


C14— H14A 


0.9300 


C15— C16 


1.397 (4) 


06'— Cul— 06 


180.0 


06*- Cul— 02 


91.80 (8) 


06— Cul— 02 


88.20 (8) 



C15— H15A 


0.9300 


C16— N2 


1.322 (4) 


C16— H16A 


0.9300 


C17— N2 
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C18— Nl 
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COR C'\'\ 


1 Ann (V\ 


coQ c^a 




P90 TT90A 
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1.388 (4) 


C30— H30A 


0.9300 


C31— C32 


1.377 (4) 


C31 — H31A 


0.9300 


C32— C33 


1.374(4) 


C32— C34 


1.499 (4) 


C33— H33A 


0.9300 


C34— 08 


1.193 (3) 


C34— 07 


1.304 (3) 


03— Cu2'' 


1.9334(1 


07— H7B 


0.8200 


C15— C16— H16A 


119.2 


N2— C17— C13 


122.7 (3) 


N2— C17— C18 


116.1 (2) 
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06'— Cul— 02' 


88.20 (8) 


06— Cul— 02* 


91.80 (8) 


02— Cul— 02' 


180.000(1) 


06'— Cul— Ol 


80.47 (7) 


06— Cul— Ol 


99.53 (7) 


02— Cul— 01 


53.69 (6) 


02'— Cul— 01 


126.31 (6) 


06*- Cul— Ol' 


99.53 (7) 


06— Cul— Ol' 
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02— Cul— Ol' 
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Nl — CI — C2 
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Nl — CI — HIA 
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C2 — CI — HIA 
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C3 — C2 — CI 


119.7 (3) 


C3 — C2 — H2A 


120.2 


CI — C2 — H2A 
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C2 — C3 — C4 


119.0(3) 


C2 — C3 — H3A 
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C4 — C3 — H3A 
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118.1 (3) 
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119.7 (3) 


N3 — C6 — CU 
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120.0 (4) 


C8— C7— H7A 
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C7— C8— C9 
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122.7 (3) 
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02— C19— Ol 


121.8 (2) 
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04 — C26 — C24 


118.7 (2) 


03 — C26 — C24 


115.3 (3) 
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05 — C27 — C28 


119.8 (2) 


06 — C27 — C28 
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C29 — C28 — C33 


119.2 (2) 


C29 — C28 — C27 


121.1 (2) 


C33 — C28 — C27 


119.6(2) 


C30 — C29 — C28 


120.6 (3) 


C30 — C29 — H29A 


119.7 


C28 — C29 — H29A 


119.7 


C29 — C30 — C31 


119.4 (3) 


C29 — C30 — H30A 


120.3 


C31 — C30 — H30A 


120.3 


C32— C31— C30 


120.7 (3) 


C32— C31— H31A 


119.6 


C30— C31— H31A 


119.6 


C33— C32— C31 


119.8 (2) 


C33— C32— C34 
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C31— C32— C34 


121.0 (2) 
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C19 — 01 — Cu2 


130.45 (18) 


C15 — C14 — C13 


119.8 (3) 


C19 — 01 — Cul 


75.87 (16) 


C15 — C14 — ^H14A 


120.1 


Cu2 — 01 — Cul 


104.83 (8) 


C13— C14— H14A 


120.1 


C19— 02— Cul 


108.67 (16) 


C14— C15— C16 


119.5(3) 


C26 — 03 — Cu2" 


129.9 (2) 


C14 — C15 — H15A 


120.3 


C27 — 05 — Cu2 


125.75 (16) 


C16 — C15 — H15A 


120.3 


C27 — 06 — Cul 


116.10 (17) 
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121.6 (3) 
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179.0 (3) 
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2 0(4) 


C18 — C4 — C5 — N3 


-177.4 (3) 

i / / .-r y^j 


C17 — C18 — Nl — CI 


-176.3 (2) 


C3— C4 — C5— N3 


2.6 (4) 


C4 — C18— Nl— Cu2 


-171.7 (2) 


C18— C4— C5— C12 


3.1 (4) 


C17— C18— Nl— Cu2 


10.0(3) 


C3— C4— C5— C12 


-176.9 (3) 


03" — Cu2— Nl — CI 


-109.2 (5) 


N3 — C6 — C7 — C8 


-179.2 (3) 


01 — Cu2— Nl — CI 


-10.6 (2) 


Cll — C6 — C7 — C8 


-1 0 (5) 


N2 — Cu2— Nl — CI 


176.2 (3) 


C6 — C7 — C8 — C9 


-0 9 (6) 


05 — Cu2 — ^Nl — CI 


84.7 (3) 
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PI/: ATO PI 7 

Cij — CiO — INZ — Ci / 




C7 — C6 — Cll — CIO 


3 1 CSI 


C15 — C16 — ^N2 — Cu2 


-176.8 (2) 


C9 — c 1 0 — C 1 1 — N4 


176.1 (3) 


C13 — C17 — ^N2 — C16 


-2 9 (4) 


C9 — CIO — Cll — C6 


-3 2 (5) 


C18 — C17 — ^N2 — C16 


175.0 (3) 


N3 — C5 — C12 — ^N4 


2 3 f41 


C13 — C17 — ^N2 — Cu2 


174.2 (2) 


C4— C5— C12— N4 


-178.2 (3) 


C18— C17— N2— Cu2 


-7.8 (3) 


N3— C5— C12— C13 


-178.2 (3) 


03"— Cu2— N2— C16 


17.0(3) 


C4— C5— C12— C13 


1.3 (4) 


Ol— Cu2— N2— C16 


154.5 (3) 


N4— C12— C13— C14 


-5.8 (4) 


Nl— Cu2— N2— C16 


-172.9 (3) 


C5— C12— C13— C14 


174.6 (3) 


05— Cu2— N2— C16 


-69.5 (3) 
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i/i.O (i) 


03" — Cu2 — ^N2 — C17 


1 CCl 0 1 /I o\ 

— 159.01 (lo) 


C5 — C 1 2 — C 1 3 — C 1 7 


-6.0 (4) 


0 1 — Cu2— N2 — C 1 7 


-22.4 (5) 


C17 — C13 — C14 — C15 


-1.0(5) 


N 1 — Cu2— N2 — C 1 7 


10.27 (IS) 


C12 — C13 — C14 — C15 


17S.4 (3) 


05 — Cu2— N2 — C 1 7 


113.69 (IS) 


C13 — C14 — C15 — C16 


-1.9 (5) 


C12 — C5 — N3 — C6 


-2.0 (4) 


C14 — C15 — C16 — ^N2 


2.5 (5) 


C4 — C5 — ^N3 — C6 


17S.5 (3) 


C14 — C13 — C17 — ^N2 


3.5 (4) 


Cll — C6 — N3 — C5 


0.0 (4) 


C12 — C13 — C17 — ^N2 


-175.9 (2) 


C7 — C6— N3 — C5 


17S.2 (3) 


C14 — C13 — C17 — C18 


-174.3 (3) 


C5 — C12 — ^N4 — Cll 


-0.3 (4) 


C12 — C13 — C17 — C18 


6.2 (4) 


C13 — C12 — ^N4 — Cll 


-179.9 (3) 


C3 — C4 — CI 8 — Nl 


-1.1 (4) 


Co — C 1 1 — N4 — C 1 2 


-1.7(4) 


K-'D V^'t i o IN 1 


1 7fi Q 

i / o.y \z. ) 


p 1 A p 1 1 xT/i n 1 o 


1 7Q C\ t'Vi 


V-T V^iO \^ 1 1 


1 77 n n'l 


CY) p 1 q o 1 Ti 1 1 


— QR f\ n'l 


PS CA PIS PI 7 




P90 piq Ol Pii? 




N2 CI 7 CI 8 ^Nl 


-1 6 n) 

l.U \JJ 


02 CI 9 Ol Cul 


-1 0 (T\ 


C13— C17— CIS— Nl 


176.4 (2) 


C20— C19— 01— Cul 


179.S (2) 


N2 — CI 7 — CIS — C4 


-179.S (2) 




-13.4 (3) 


pi -x CM ri R CA 




TSJ9 r",,9 oi r"1 Q 


— 1 si n (V\ 

i J i .u ) 


02 C 1 9 C20 C2 1 


-160 S 


Nl Cul Ol CI 9 


176.7 (3) 


01— C19— C20— C21 


1S.4 (4) 


05— Cu2— 01— C19 


73.1 (2) 


02 — C 1 9 — C20 — C25 


21 9 (4) 


n^" rii9 Ol Till 


-97.32 (S) 


Ol CI 9 C20 C25 


-158.9 (2) 


N2 Cu2 0 1 Cu 1 


125.1 (4) 


C25— C20— C2 1— C22 


-0.3 (4) 


Nl— Cu2— 01— Cul 


92.S2 (S) 


C19— C20— C21— C22 


-177.6 (3) 


05— Cu2— 01— Cul 


-lO.Sl (7) 


C20— C21— C22— C23 


2.4(5) 


06'— Cul— 01— C19 


100.00 (16) 


C21— C22— C23— C24 


-1-8(5) 


06— Cul— 01— C19 


-SO.OO (16) 


C22— C23— C24— C25 


-0.9 (4) 


02— Cul— Ol— C19 


0.63(15) 


C22— C23— C24— C26 


175.S (3) 


02'— Cul— Ol— C19 


-179.37 (15) 


C23— C24— C25— C20 


3.0 (4) 


06' Cu 1 0 1 Cu2 


-131.2S (9) 


C26— C24— C25— C20 


-173.7 (2) 


06— Cul— 01— Cu2 


4S.72 (9) 


C21— C20— C25— C24 


-2.4 (4) 


02— Cul— 01— Cu2 


129.35 (12) 


CI 9— C20— C25— C24 


174.9 (2) 


02' Cu 1 0 1 Cu2 


-50.65 (12) 


C25— C24— C26— 04 


-10.1 (4) 


01— C19— 02— Cul 


1.3 (3) 


C23— C24— C26— 04 


173.2 (3) 


C20— C19— 02— Cul 


-179.46 (19) 


C25— C24— C26— 03 


169.0 (2) 


06'— Cul— 02— C19 


-77.44(19) 


C23— C24— C26— 03 


-7.7 (4) 


06— Cul— 02— C19 


102.56 (19) 


05— C27— C2S— C29 


-S.2 (4) 


Ol— Cul— 02— C19 


-0.66(16) 


06— C27— C2S— C29 


173.4 (2) 


Ol'— Cul— 02— C19 


179.34 (16) 


05— C27— C2S— C33 


169.0 (2) 


04— C26— 03— Cu2" 


21.2 (4) 


06 — C27 — C2S — C33 


-9 4 f31 


COA COf, O"? rii9" 


-157.74 (IS) 






Clf^ P')7 Pn? 

\J0 1 KJJ K^UA 


7Q Vi CW 


C27— C2S— C29— C30 


174.S (3) 


C2S— C27— 05— Cu2 


-99.2 (2) 


C2S— C29— C30— C31 


0.4(5) 


03"— Cu2— 05— C27 


39.4 (2) 


C29— C30— C31— C32 


1.1 (5) 


01— Cu2— 05— C27 


-53.S (2) 


C30— C31— C32— C33 


-0.7 (4) 


N2— Cu2— 05— C27 


134.8 (2) 


C30— C31— C32— C34 


177.1 (3) 


Nl— Cu2— 05— C27 


-143.1 (2) 
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C31— C32— C33— C28 
C34— C32— C33— C28 
C29— C28— C33— C32 
C27— C28— C33— C32 
C33— C32— C34— 08 
C31— C32— C34— 08 
C33— C32— C34— 07 



-1.2(4) 
-179.1 (2) 
2.7 (4) 
-174.5 (2) 
6.3 (5) 
-171.6 (3) 
-178.1 (3) 



05— C27— 06— Cul 
C28— C27— 06— Cul 
02— Cul— 06— C27 

02*— Cul— 06— C27 
01— Cul— 06— C27 

Ol'— Cul— 06— C27 



-8.0 (3) 
170.25 (16) 
-99.41 (19) 
80.59 (19) 
-46.71 (19) 
133.29 (19) 



Symmetry codes: (i) -x, -y+l, -z+1; (ii) -x, -y, -z+1. 



Hydrogen-bond geometry (A, °) 

D—n-A 

07— H7B-04'" 

Symmetry codes: (iii) -x-1, -y, -z+1. 



D— H 
0.82 



1.74 



D-A 
2.545 (3) 



D—n-A 
165 
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